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Supplementary Figure 1 | Comparison of membrane transport protein (MTP) type distribution in 
different organisms. Shown is the percentage of channels, pumps, and porters of the total MTPs in 
different organisms. The percentages on top of the bars indicate the proportion of all open reading frames 
in the respective genomes encoding MTPs (data from [http://www.membranetransport.org]1). 
 
 
 
 
 
 
 
 
 
 
 
 

 
Supplementary Figure 2 | The glideosome associated protein 40 (GAP40) locus is inaccessible to 
genetic manipulation. Diagnostic PCR revealed absence of the desired gene replacement or endogenous 
tagging and presence of WT-specific PCR products (centre and right, red boxes) similar to those of the 
recipient parasites (left, black boxes; see Supplementary Fig. 5 for full gel pictures). Transfections were 
performed three times with the pMTP-KO vectors (red cross) and in the case of the gene deletion attempt 
once more with the respective PlasmoGEM vector (pink cross). Although inaccessibility of the GAP40 
locus to genetic manipulation cannot be formally excluded, it is likely essential in asexual blood stage 
parasites while endogenous tagging of the membrane-associated protein with the mCherry-3xMyc tag 
interferes with its function. In Toxoplasma gondii, GAP40 is associated with the glideosome2. 
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Supplementary Figure 3 | Individual blood infection of mfr5– parasites. Blood infection of the slowest 
growing parasite line, mfr5– (violet) compared with WT (grey) when grown in individual mice. Shown are 
mean parasitaemias ± S.D. from three experiments monitored by flow cytometry. Data from the 
exponential growth phase, i.e. with parasitemia <1%, fitted a linear regression well (r2 ≥ 0.99) and 
allowed the calculation of the parasite multiplication rate (PMR) from the slopes. **, p<0.01; (two-tailed 
F-test). 
 
 

 
Supplementary Figure 4 | Aberrant liver-stage maturation of mfs6– parasites. Shown are 
two representative immunofluorescent micrographs each of cultured hepatoma cells at 24, 48, 
and 70 h after infection with WT or mfs6– salivary gland-associated sporozoites. (UIS4, parasite 
vacuole membrane, red; HSP70, cytoplasm, green; Hoechst, DNA, blue). Bars, 10 µm.
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Supplementary Figure 5 | Full gel pictures. Diagnostic PCR of (a) parental populations with 
endogenously tagged genes, (b) WT parasites with the intact gene loci, and (c) parental and isogenic 
populations for essential and targetable genes, respectively, after transfection. M, lanes with 1kb DNA 
marker; X, lanes irrelevant to this study. The primers used from left to right are for 5’ and 3’ WT, 5’ and 3’ 
integration (note that for tagging genes and CTR2 a single overarching WT PCR was performed).
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Supplementary Table 1 | Plasmodium berghei genes encoding membrane transport proteins 
targeted in this study (Fig 1a). 
 
Gene Pb ID Pf ID Predicted product Ref 

Channels/Pores – 1.A.23 The Small Conductance Mechanosensitive Ion Channel (MscS) Family 
MSCS PBANKA_093900 PF3D7_1107900 mechanosensitive ion channel protein  

Channels/Pores – 1.A.35 The CorA Metal Ion Transporter (MIT) Family 
MIT1 PBANKA_092790 PF3D7_1120300 metal ion channel - Mg2+, Co2+ and Ni2+ 3 
MIT2 PBANKA_140270 PF3D7_1304200 CorA-like Mg2+ transporter protein, putative  MIT3 PBANKA_101700 PF3D7_1427600 CorA-like Mg2+ transporter protein, putative  

Channels/Pores – 1.A.56 The Copper Transporter (Ctr) Family 
CTR1 PBANKA_130290 PF3D7_1439000 copper transporter 4 
CTR2 PBANKA_102150 PF3D7_1421900 Ctr copper transporter domain containing protein, putative  

Primary Active Transporters/Pumps – 3.A.1: The ATP-binding Cassette (ABC) Superfamily 
ABCG2 PBANKA_101810 PF3D7_1426500 ATP-binding cassette sub-family G member 2 (ABCG2) 5 
ABCI3 PBANKA_121880 PF3D7_0319700 ABC transporter, putative  MDR2 PBANKA_131170 PF3D7_1447900 multidrug resistance protein 2 (heavy metal transport family) 6 

Primary Active Transporters/Pumps – 3.A.3 The P-type ATPase (P-ATPase) Superfamily 
ATP2 PBANKA_143480 PF3D7_1219600 aminophospholipid-transporting P-ATPase (ATPase2) 6 
ATP7 PBANKA_080630 PF3D7_0319000 P-type ATPase, putative (ATPase7)  ATP8 PBANKA_143830 PF3D7_1223400 phospholipid-transporting ATPase, putative (ATPase8)  GCα PBANKA_091030 PF3D7_1138400 aminophospholipid-transporting P-ATPase & guanylyl cyclase domains 7,8 
GCβ PBANKA_113670 PF3D7_1360500 aminophospholipid-transporting P-ATPase & guanylyl cyclase domains 9-11 

 No Pb orthologue PF3D7_1468600 aminophospholipid transporter, putative  
Electrochemical Potential-driven Transporters – 2.A.1 The Major Facilitator Superfamily (MFS) 

MFS1 PBANKA_123130 PF3D7_0516500 metabolite/drug transporter, putative 10,11 
MFS2 PBANKA_081700 PF3D7_0916000 sugar transporter, putative  MFS3 PBANKA_082040 PF3D7_0919500 sugar transporter, putative  MFS4 PBANKA_060240 PF3D7_1203400 transporter, putative  MFS5 PBANKA_101640 PF3D7_1428200 metabolite/drug transporter, putative  MFS6 PBANKA_130470 PF3D7_1440800 major facilitator superfamily, putative  PAT PBANKA_030390 PF3D7_0206200 pantothenate transporter 12,13 

Electrochemical Potential-driven Transporters – The Major Facilitator Superfamily Related Transporters (MFR) 
MFR1 PBANKA_011250 PF3D7_0614300 organic anion transporter  MFR2 PBANKA_020840 PF3D7_0104700 transporter, putative  MFR3 PBANKA_041050 PF3D7_0312500 transporter, putative  MFR4 PBANKA_081570 PF3D7_0914700 transporter, putative  MFR5 PBANKA_091830 PF3D7_1129900 transporter, putative  NPT1 PBANKA_020830 PF3D7_0104800 novel putative transporter 1 14 

 No Pb orthologue PF3D7_0529200 sugar transporter, putative  
Electrochemical Potential-driven Transporters – 2.A.4 The Cation Diffusion Facilitator (CDF) Family 

CDF PBANKA_142220 PF3D7_0715900 zinc transporter, putative  
Electrochemical Potential-driven Transporters – 2.A.5 The Zinc (Zn2+)-Iron (Fe2+) Permease (ZIP) Family 

ZIP1 PBANKA_010770 PF3D7_0609100 Zn2+ or Fe2+ permease  
Electrochemical Potential-driven Transporters – 2.A.7 The Drug/Metabolite Transporter (DMT) Superfamily 

DMT1 PBANKA_142210 PF3D7_0715800 drug/metabolite exporter, drug/metabolite transporter  DMT2 PBANKA_061460 PF3D7_0716900 drug metabolite transporter, putative  GAP40 PBANKA_111530 PF3D7_0515700 glideosome-associated protein 40, putative  TPT3 PBANKA_143400 PF3D7_1218400 triose or hexose phosphate/phosphate translocator, putative 3 
Electrochemical Potential-driven Transporters – 2.A.57 The Equilibrative Nucleoside Transporter (ENT) Family 

NT2 PBANKA_070620 PF3D7_0824400 nucleoside transporter 2 15 

 No Pb orthologue PF3D7_1469400 nucleoside transporter 3, putative (NT3)  NT4 PBANKA_020990 PF3D7_0103200 nucleoside transporter 4 16 
Electrochemical Potential-driven Transporters – 2.A.66.1 The Multi Antimicrobial Extrusion (MATE) Family 

MATE PBANKA_030970 PF3D7_0212800 multidrug efflux pump, putative  
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Supplementary Table 2 | Details of the phenotyping screen (Fig. 1c and 3). 
 

 

Parasitemia 
(%) 

Exflagellation 
(events/μl blood) 

Sporozoites/ 
female mosquito 

Transmission 
(days after infection) 

MSCS 10.2 6.1 12,300 nd 900 1,100 3 3 
MIT1 9.4 6.1 16,000 nd 0 1,500 4 4 
MIT2 15.3 19.0 18,600 20,000 0 0 - - 
MIT3 9.5 6.8 11,300 nd 3,500 7,500 4 4 
CTR1 10.7 15.7 11,600 nd 0 700 - - 
CTR2 11.6 13.9 2,600 11,300 67,100 4,300 - - 

ABCG2 7.9 7.7 21,000 25,300 40,000 7,100 3 4 
MDR2 11.0 7.1 15,300 nd 900 7,500 6 - 
GCβ 6.2 5.7 8,600 nd 0 0 - - 

MFS1 9.1 9.5 11,300 11,400 0 500 - - 
MFS2 6.7 6.9 16,600 nd 0 0 - - 
MFS3 9.5 12.3 7,100 nd 500 1,600 4 5 
MFS4 10.6 10.4 16,700 19,700 10,500 16,600 3 3 
MFS5 7.9 6.8 6,300 nd 2,100 6,500 3 3 
MFS6 4.1 4.5 3,700 4,700 12,100 20,000 - - 
PAT 6.3 7.4 2,800 1,500 0 0 - - 

MFR1 12.1 14.3 11,200 11,300 27,500 21,300 3 3 
MFR2 4.4 3.5 5,000 nd 15,000 6,800 5 - 
MFR3 9.5 9.0 6,000 nd 400 800 3 5 
MFR4 12.8 9.5 15,300 nd 0 0 - - 
MFR5 0.9 1.3 0a 100a 0 0 - - 
NPT1 4.6 5.8 100 1,000 0 0 - - 
CDF 7.7 7.0 1,300 400 1,100 0 4 - 
ZIP1 3.0 2.3 0 0 0 0 - - 

DMT1 6.9 3.5 21,800 nd 4,100 1,000 4 - 
TPT3 6.3 9.2 15,100 nd 5,800 12,900 3 4 
NT2 7.2 10.5 6,600 10,500 7,000 4,100 4 4 
NT4 10.3 9.4 14,700 nd 0 0 - - 

MATE 11.8 12.8 27,300 nd 500 1,000 4 4 
WT median 7.6 14,400 24,500 4 

n 22 16 14 14 
WT 10% percentile 4.6 5,900 2,500 - (n=1)b 

WT 25% percentile 6.1 6,800 6,900 5 (n=1)b 
WT 75% percentile 9.3 18,300 40,400 4 (n=7)b 
WT 90% percentile 10.8 25,300 50,100 3 (n=5)b 

 
a Due to slow asexual blood stage multiplication rate, the screen was continued by injecting 6x107 mfr5–-
infected erythrocytes instead of 1x107, the inoculum for all other recombinant parasite lines. Parasitemias 
of the two mice, from which exflagellation was assessed, was 5.6 and 7.5%, respectively. 
b Since mice remaining blood-film negative following infectious mosquito bites preclude the calculations 
of correct values for the percentile cut-offs, the counts of the prepatent periods of WT infections are 
indicated. 
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Supplementary Table 3 | Primer sequences and PCR product sizes. 
 
Primer Name Primer Sequence (restriction sites underlined) WTa

 INTb
 Usec

 Target Ref 
Primers of general use 

GFPrev TGTGCCCATTAACATCACCATC   GT GFP 17 
mCherryRev CCCTCCATGTGAACCTTGAAG   GT mCherry 18 
5’HSP70rev CAATTTGTTGTACATAAAATAGGCAG   GT 5'PbHSP70 18 
5’DHFRrev ATGAAATACCGCTCCATTTTTCC   GT 5'PbDHFR-TS 18 
pBAT-SQF TATTTGCCTAACTATATTCAGGGG   SQ PbSIL6L  
pBAT-SQR TTATTTGTGCCTGAATTATAGTGC   SQ PbSIL6R  
T7 TAATACGACTCACTATAGGG    GT pBSKS  

MSCS   –   PBANKA_093900   –   PF3D7_1107900   –   mechanosensitive ion channel protein 
5'MSCS-F-SacII TTTCCGCGGCCATTATGTGCGTCTGAATCC 0.5 

 TV 5'PbMSCS  
5'MSCS-R-HpaI TTTCAGCTGTTAATTAAGCGCATAATCCGTTTATTTACC  TV 5'PbMSCS  
3'MSCS-F-AvrII AATCCTAGGTTCTCAAAATAAAAGATTTTCAGTGG 0.5 

 TV 3'PbMSCS  
3'MSCS-R-KpnI ATAGGTACCAGTCATAACAATGTGGTAGTTCACC  TV 3'PbMSCS  
5'MSCS-F AAGAGAGAAAGCTGGATAATGC 0.8 0.8 GT 5'PbMSCS  
5'MSCS-R TGATTGTGGATACTTTGTCTTCG  GT 5'PbMSCS  
3'MSCS-F TGGACAAAAATGAAAATGGGTTGG 1.6 

 GT 3'PbMSCS  
3'MSCS-R TGGCTAAAAGCTTGTGAAATGG 1.4 GT 3'PbMSCS  

MIT1   –   PBANKA_092790   –   PF3D7_1120300   –   metal ion channel - Mg2+, Co2+ and Ni2+ 
5'MIT1-F-SacII TTTCCGCGGCATATAGATTCACAAACTCATACCG 0.6 

 TV 5'PbMIT1  
5'MIT1-R-HpaI TTTCAGCTGTTAATTAATATTATATATAACACAATAATATATTTTATAGTAAAAATTTATCG  TV 5'PbMIT1  
3'MIT1-F-AvrII AATCCTAGGAGCATGTGAATATCACCAATATGC 0.5 

 TV 3'PbMIT1  
3'MIT1-R-KpnI ATAGGTACCCCACTGTTATCAAGACAGAATTGC  TV 3'PbMIT1  
5'MIT1-F CTCACCTTAAGCAAATATACTTGG 1.3 0.9 GT 5'PbMIT1  
5'MIT1-R CAAATAGCCAAGTTTCATTATATCG  GT 5'PbMIT1  
3'MIT1-F AGGAATTGTACAGATAATGGAAAGG 1.6 

 GT 3'PbMIT1  
3'MIT1-R GATATATAAATTCATATTCACAATTTGATGG 1.4 GT 3'PbMIT1  

MIT2   –   PBANKA_140270   –   PF3D7_1304200   –   CorA-like Mg2+ transporter protein, putative 
5'MIT2-F-SacII TTTCCGCGGATTAATCGTTGGTGTTATTACATATGC 0.6 

 TV 5'PbMIT2  
5'MIT2-R-HpaI TTTGTTAACTTAATTAAAAAAATTATCAAAGGGATGACGAG  TV 5'PbMIT2  
3'MIT2-F-AvrII AATCCTAGGCGCTAAGTCACGAATAAAATGG 0.5 

 TV 3'PbMIT2  
3'MIT2-R-KpnI ATAGGTACCCAAAATTAATAGAAAATGAGAAACACG  TV 3'PbMIT2  
5'MIT2-F AATATTTGAATTCCTCCCAACTGC 1.1 1.1 GT 5'PbMIT2  
5'MIT2-R TTATTCATAAATGTTGTGCTCATTCC  GT 5'PbMIT2  
3'MIT2-F TATCAAATTTACATAACTTAAAAGAGCC 1.5 

 GT 3'PbMIT2  
3'MIT2-R CACATCTCATTTTCACAGATGC 1.4 GT 3'PbMIT2  

MIT3   –   PBANKA_101700   –   PF3D7_1427600   –   CorA-like Mg2+ transporter protein, putative 
5'MIT3-F-SacII TTTCCGCGGAATTTATGTTTTTTATACACGGAATTGC 0.6 

 TV 5'PbMIT3  
5'MIT3-R-HpaI TTTGTTAACTTAATTAAATAATAGATCAATATATATAATATGCGAATGC  TV 5'PbMIT3  
3'MIT3-F-AvrII AATCCTAGGGAATATATTTTTATGCAATATCCTTTCG 0.5 

 TV 3'PbMIT3  
3'MIT3-R-KpnI ATAGGTACCAAAAATTGTTAAAAATGAACTTTGATGC  TV 3'PbMIT3  
5'MIT3-F AACATTTTTATGGAAGATAACTGTGC 1.3 1.1 GT 5'PbMIT3  
5'MIT3-R TGCACAATTTTTAGTAATTCATGGG  GT 5'PbMIT3  
3'MIT3-F CCCACATTTACAAATAACCCTATACC 1.4 

 GT 3'PbMIT3  
3'MIT3-R GCTGTAGATTGTGTTTTATTTTTCG 1.3 GT 3'PbMIT3  

CTR1   –   PBANKA_130290   –   PF3D7_1439000   –   copper transporter 
5'CTR1-F-SacII TTTCCGCGGAAATAATCCATTTAAAGATAATAAAATCGC 0.5 

 TV 5'PbCTR1  
5'CTR1-R-HpaI TTTGTTAACTTAATTAAGGTTTAGTTATTTAGTTTGTTATTGTTATAAG  TV 5'PbCTR1  
3'CTR1-F-AvrII AATCCTAGGACAAGATATTATTCTATATGTTTGTACTCC 0.5 

 TV 3'PbCTR1  
3'CTR1-R-KpnI ATAGGTACCATTATTCTCCTATTTAAAGATATGGTTCC  TV 3'PbCTR1  
5'CTR1-F TGTTGTTGGCGTAAAAATGTGC 1.0 0.8 GT 5'PbCTR1  
5'CTR1-R GAATTTTGTTTTTGCCTTCACTTCC  GT 5'PbCTR1  
3'CTR1-F GCCTATGTCATTTCAGAATACTACC 1.4 

 GT 3'PbCTR1  
3'CTR1-R TATACGAAGCGACAATAAAATGC 1.5 GT 3'PbCTR1  

CTR2   –   PBANKA_102150   –   PF3D7_1421900   –   Ctr copper transporter domain containing protein, putative 
5'CTR2-F-SacII TTTCCGCGGTTCTTGTTAAATCCATTAAATTTTATTATCG 0.5 

 TV 5'PbCTR2  
5'CTR2-R-HpaI TTTGTTAACTTAATTAAATTAGAAATTTTTGTATATCTTAAATTATCATTTG  TV 5'PbCTR2  
3'CTR2-F-AvrII AATCCTAGGTAACAACTGTACTCAACATATTTTAAGC 0.5 

 TV 3'PbCTR2  
3'CTR2-R-KpnI ATAGGTACCATATATACATAATATAATGGACAGATTATTAACC  TV 3'PbCTR2  
5'CTR2-F TTTAACAATGTTGCACAATATAGTGG 1.6d

 

0.7 GT 5'PbCTR2  
3'CTR2-R TCAAATAAGATGGTAGCTAAAATAGG 1.3 GT 3'PbCTR2  
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Supplementary Table 3 | Primer sequences and PCR product sizes (continued…) 
Primer Name Primer Sequence (restriction sites underlined) WTa

 INTb
 Usec

 Target Ref 
ABCG2   –   PBANKA_101810   –   PF3D7_1426500   –   ATP-binding cassette sub-family G member 2 (ABCG2) 

5'ABCG2-F-SacII TTTCCGCGGTGAACATGCGGAAAAAGTATGC 0.5 
 TV 5'PbABCG2  

5'ABCG2-R-HpaI TTTGTTAACTTAATTAAACGTGGAAAAATATGGGAAATGAG  TV 5'PbABCG2  
3'ABCG2-F-AvrII AATCCTAGGATATATTATAATTAAAAATGTTATTTGCCTATCC 0.5 

 TV 3'PbABCG2  
3'ABCG2-R-KpnI ATAGGTACCAAATATTTACGAGCTAGCTTAAATTGG  TV 3'PbABCG2  
5'ABCG2-F GAAGTGAACGAAAATGAATATAAGC 1.1 1.2 GT 5'PbABCG2  
5'ABCG2-R TGATGTCAAATCCTTTTTATTTTTATGC  GT 5'PbABCG2  
3'ABCG2-F ACATCGGGTTTTAGATTCAATGG 1.5 

 GT 3'PbABCG2  
3'ABCG2-R TTCTATTTTACGTGGTTTGACTTACC 1.3 GT 3'PbABCG2  

ABCI3   –   PBANKA_121880   –   PF3D7_0319700   –   ABC transporter, putative 
5'ABCI3-F-SacII TTTCCGCGGAAAAATAACAAATAGAAAAGATAAAGAATACG 

0.5 
 TV 5'PbABCI3  

5'ABCI3-R-HpaI TTTGTTAACTTAATTAAGAGTTTATTTTAAAAATATAATTAATTTTATTAGCAAAG  TV 5'PbABCI3  
CT-ABCI3-F-SacII AATCCGCGGTTAAATTGATTGATAATAACTTTTCTTATGTTC 

0.5 
 TV CT-PbABCI3  

CT-ABCI3-R-HpaI AAAGTTAACCGTCTTCAAAATCAATAGGAAAATATC  TV CT-PbABCI3  
3'ABCI3-F-AvrII AATCCTAGGTTCCAAAAACGTGGAAAAATAATAACC 

0.5 
 TV 3'PbABCI3  

3'ABCI3-R-KpnI ATAGGTACCCTTATGTACAGTCAATTACAAACAAGG  TV 3'PbABCI3  
5'ABCI3-F TGAAAATATCAGTCGTTCTATAAGC 

0.8 0.9 GT 5'PbABCI3  
5'ABCI3-R CTTCTTTATTAAGCCATATAGTTTACG  GT 5'PbABCI3  
CT-ABCI3-F as 3’ABCI3-F 1.5 0.8 GT CT-PbABCI3  
3'ABCI3-F GATTTTGAAATTCCTTGAAAAGTATGC 

1.5 
 GT 3'PbABCI3  

3'ABCI3-R TTGTTTTAAAGAATAATTTTGAGGAGC 1.5 GT 3'PbABCI3  
MDR2   –   PBANKA_131170   –   PF3D7_1447900   –   multidrug resistance protein 2 (heavy metal transport family) (MDR2) 

5'MDR2-F-SacII TTTCCGCGGAAAAATAGGATTAAAAAATATTACTTAACTGTATATATATATAG n/a 
 TV 5'PbMDR2  

5'MDR2-R-HpaI TTTGTTAACTTAATTAAATGTAATGCCTCTTTGTAAAAATAAACC  TV 5'PbMDR2  
3'MDR2-F-AvrII AATCCTAGGTTTGGAAAGTAATCCAAATACTAATCG 0.5 

 TV 3'PbMDR2  
3'MDR2-R-KpnI ATAGGTACCATAATTGCTTTATTTCATATATCGATGG  TV 3'PbMDR2  
5'MDR2-F GTGCATATATTCGCCAAAACG n/a n/a GT 5'PbMDR2  
5'MDR2-R TCCGCAAAATGTTGCTATAAGG  GT 5'PbMDR2  
3'MDR2-F TATATCGTTTTTATGATGCTGAAGG 1.4 

 GT 3'PbMDR2  
3'MDR2-R CAAAAAATCTGGATATATTATTTATACATGC 1.5 GT 3'PbMDR2  

ATP2   –   PBANKA_143480   –   PF3D7_1219600   –   P-type ATPase, putative (ATPase2) 
5'ATP2-F-SacII TTTCCGCGGCCGGCGTACTAATATAACATTCC 0.6 

 TV 5'PbATP2  
5'ATP2-R-HpaI TTTGTTAACTTAATTAAAAGCAGTGATATTATTACCACCTG  TV 5'PbATP2  
CT-ATP2-F-SacII AATCCGCGGCCAAGTCCCTTCGTTTTTGG 0.5 

 TV CT-PbATP2  
CT-ATP2-R-HpaI AAAGTTAACTATAAGTTTATCCTGTTTTCTTATGAAATG  TV CT-PbATP2  
3'ATP2-F-AvrII AATCCTAGGTTCATTTTAGCATTGAAGAAATATGG 0.5 

 TV 3'PbATP2  
3'ATP2-R-KpnI ATAGGTACCGGTAATGGCTCTAACCTTTCG  TV 3'PbATP2  
5'ATP2-F TGCATTTAACATATTCTCCAATTAGC 1.2 1.1 GT 5'PbATP2  
5'ATP2-R GAAGTAATCACTGAATTTGTATGGC  GT 5'PbATP2  
CT-ATP2-F as 3’ATP2-F  1.6 0.9 GT CT-PbATP2  
3'ATP2-F ATGGGTTTTAAATAGTCTTTTTCACG 1.6 

 GT 3'PbATP2  
3'ATP2-R ATTTTCCCTATTTATATGCACTTCG 1.4 GT 3'PbATP2  

ATP7   –   PBANKA_080630–  PF3D7_0319000    –   aminophospholipid-transporting P-ATPase (ATPase7) 
5'ATP7-F-SacII TTTCCGCGGCATTTAGATAATTCTAATTTGCTTGC 0.4 

 TV 5'PbATP7  
5'ATP7-R-HpaI TTTGTTAACTTAATTAATCTTTGCACACAATATACGCG  TV 5'PbATP7  
CT-ATP7-F-SacII AATCCGCGGACCATGTTATTGCCGTTAATGC 0.4 

 TV CT-PbATP7  
CT-ATP7-R-HpaI AAAGTTAACTGTTTTCTTTTTCAACATAAGAAATGAATTTTC  TV CT-PbATP7  
3'ATP7-F-AvrII AATCCTAGGGCATACGCTCGTAGAAAATATC 0.5 

 TV 3'PbATP7  
3'ATP7-R-KpnI ATAGGTACCCTACATATTTTGGCCATCCATCC  TV 3'PbATP7  
5'ATP7-F TTTATCATTGCGTAGACTAAAACG 1.0 1.1 GT 5'PbATP7  
5'ATP7-R ATAAATCCGGTTCTCATTATTTTTCC  GT 5'PbATP7  
CT-ATP7-F as 3’ATP7-F 1.5 0.7 GT CT-PbATP7  
3'ATP7-F ACCATTCTATATTTCACAATGATCG 1.5 

 GT 3'PbATP7  
3'ATP7-R GTAATCATGCTTTTCATTTACATTGC 1.5 GT 3'PbATP7  
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Supplementary Table 3 | Primer sequences and PCR product sizes (continued…) 
Primer Name Primer Sequence (restriction sites underlined) WTa

 INTb
 Usec

 Target Ref 
ATP8   –   PBANKA_143830   –   PF3D7_1223400   –   phospholipid-transporting ATPase, putative 

5'ATP8-F-SacII TTTCCGCGGGAAATAAATGAGTAAGTAGTAATATCTCC 0.6 
 TV 5'PbATP8  

5'ATP8-R-HpaI TTTGTTAACTTAATTAATTTTTTAATCAAATATTCGAATCCGTTC  TV 5'PbATP8  
CT-ATP8-F-SacII AATCCGCGGTAGGGTACTGTTGTTATGCTAGG 0.5 

 TV CT-PbATP8  
CT-ATP8-R-EcoRI AAAGAATTCAGCTAGCTTAAAAAATTGTGATGG  TV CT-PbATP8  
3'ATP8-F-AvrII AATCCTAGGTTACACTTTTGTGTGTGAAATTATGC 0.5 

 TV 3'PbATP8  
3'ATP8-R-KpnI ATAGGTACCGGAATACATACCATCATTTCGTGAA  TV 3'PbATP8  
5'ATP8-F ATGCTAGTAATTTTCCTTTATTTATGC 1.0 0.9 GT 5'PbATP8  
5'ATP8-R CAAAGGAGCAACAAATGTAAAAACATACCC  GT 5'PbATP8  
CT-ATP8-F as 3’ATP8-F 1.5 0.7 GT CT-PbATP8  
3'ATP8-F CAACATACCAAGAAATGCAATGC 1.5 

 GT 3'PbATP8  
3'ATP8-R GTAATAAGAGTTGGCAAAAGAAAACC 1.7 GT 3'PbATP8  

GCα   –   PBANKA_091030   –   PF3D7_1138400   –   guanylyl cyclase (GCalpha) 
5'GCα-F-SacII TTTCCGCGGTTGTCACAAATATATCACACACACC 0.5 

 TV 5'PbGCα  
5'GCα-R-HpaI TTTGTTAACTTAATTAAAATTTACAAAAAGAAATAATCGAAGG  TV 5'PbGCα  
CT-GCα-F-SacII AATCCGCGGGCCGCTTAAGATATGATTTATGG 0.4 

 TV CT-PbGCα  
CT-GCα-R-HpaI AAAGTTAACCAAAATTGAACTTGTGTCTTTGGAAT  TV CT-PbGCα  
3'GCα-F-AvrII AATCCTAGGTAAATATTTCATGTTTTCACATAATTGC 0.5 

 TV 3'PbGCα  
3'GCα-R-KpnI ATAGGTACCTTCATTTGCTTAAATACGATAAGTCC  TV 3'PbGCα  
5'GCα-F ATATTTTGCCGATTTCATATGTATCC 1.1 0.8 GT 5'PbGCα  
5'GCα-R TGTTATTTTATTCGAAGGGAAGC  GT 5'PbGCα  
CT-GCα-F ATCCAGTAGATGGAACAGAACG 1.4 0.7 GT CT-PbGCα  
3'GCα-F TGGAAAAATTAATGTCTCAGAAACC  1.4 

 GT 3'PbGCα  
3'GCα-R TCATCTTGTTTTAAGGATGCAAGG 1.4 GT 3'PbGCα  

GCβ   –   PBANKA_113670   –   PF3D7_1360500   –   guanylyl cyclase beta (GCbeta) 
5'GCβ-F-SacII TTTCCGCGGTTGTGGAAATAACATCATCAGTG 0.5 

 TV 5'PbGCβ  
5'GCβ-R-HpaI TTTGTTAACTTAATTAATATGAAAGTGGGCAAACAAAAAGG  TV 5'PbGCβ  
3'GCβ-F-AvrII AATCCTAGGTACAAATGTCTTGCAGAATGCAG 0.5 

 TV 3'PbGCβ  
3'GCβ-R-KpnI ATAGGTACCCGCAACAAAGAATTCATAAAAATG  TV 3'PbGCβ  
5'GCβ-F CAAATTTAAGCGGCGTATGC 1.1 1.0 GT 5'PbGCβ  
5'GCβ-R GAATGCACATAGTTAACAATCGC  GT 5'PbGCβ  
3'GCβ-F TTACACTATGGTTCGTGTGTTGG 1.6 

 GT 3'PbGCβ  
3'GCβ-R AGCTTATGTTATTAAACGTATTTACG 1.4 GT 3'PbGCβ  

MFS1   –   PBANKA_123130   –   PF3D7_0516500   –   metabolite/drug transporter, putative 
5'MFS1-F-SacII TTTCCGCGGAAGGAATAAAGGAAAAGGTTTATGC 0.5 

 TV 5'PbMFS1  
5'MFS1-R-HpaI TTTGTTAACTTAATTAAATTCTTAAATTGACCATTAACAAACAAG  TV 5'PbMFS1  
3'MFS1-F-AvrII AATCCTAGGAATTTTGCTGTACTATTTCTTTTGC 0.5 

 TV 3'PbMFS1  
3'MFS1-R-KpnI ATAGGTACCTGATTCGTGTATGCAATTATTTACG  TV 3'PbMFS1  
5'MFS1-F CATATTTCTATAAACTATACAACATAGTGG 1.2 0.9 GT 5'PbMFS1  
5'MFS1-R TATTTCGAACCATCATTTTGTGG  GT 5'PbMFS1  
3'MFS1-F TACAATAATGGCTCCCTATTTGG/GTTGTAGATATGTTCAAGTTAACACC 1.0 

 GT 3'PbMFS1  
3'MFS1-R TGAAGCATACGAAGAAAATTAAGC 1.4 GT 3'PbMFS1  

MFS2   –   PBANKA_081700   –   PF3D7_0916000   –   sugar transporter, putative 
5'MFS2-F-SacII TTTCCGCGGGGGACTAGAGACAACAGTTACC 0.5 

 TV 5'PbMFS2  
5'MFS2-R-HpaI TTTGTTAACTTAATTAATAGAATCAGCTCAATTACAATGC  TV 5'PbMFS2  
3'MFS2-F-AvrII AATCCTAGGTATACACACATTTATATGCTTTATTTTCC 0.5 

 TV 3'PbMFS2  
3'MFS2-R-KpnI ATAGGTACCAGTATATAGAGCCAAATAATAGACG  TV 3'PbMFS2  
5'MFS2-F GAGCACAAACACATAACAGTGC 0.9 0.8 GT 5'PbMFS2  
5'MFS2-R TCTTTTTCAGTTTTATCCATGTTAGC  GT 5'PbMFS2  
3'MFS2-F TCGGAAAAACTATAATAGATCAGC 1.9 

 GT 3'PbMFS2  
3'MFS2-R CATTTCGTTTTAAATTTATTCACTTTGC 1.5 GT 3'PbMFS2  

MFS3   –   PBANKA_082040   –   PF3D7_0919500   –   sugar transporter, putative 
5'MFS3-F-SacII TTTCCGCGGGATATATTTGTTCTCTTTTTCTATCTCC 0.5 

 TV 5'PbMFS3  
5'MFS3-R-HpaI TTTGTTAACTTAATTAAGTTGGTATATGTTGTAAAATTTGTTTCG  TV 5'PbMFS3  
3'MFS3-F-AvrII AATCCTAGGCTCCTTATTTTTATGTGTAGACTTTATC 0.5 

 TV 3'PbMFS3  
3'MFS3-R-KpnI ATAGGTACCTGAATTAAGTGCGCGAGTATG  TV 3'PbMFS3  
5'MFS3-F CAGTCTTTGAGTAATAATCTAGCC 1.2 0.9 GT 5'PbMFS3  
5'MFS3-R AAACAAACTATAACAATTGAGCATCC  GT 5'PbMFS3  
3'MFS3-F TTGTATTTACTATAATAACTACTAAATTGGC 1.6 

 GT 3'PbMFS3  
3'MFS3-R GTTTAAAACATCTAATATTATCACTAATCC 1.8 GT 3'PbMFS3  
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Supplementary Table 3 | Primer sequences and PCR product sizes (continued…) 
Primer Name Primer Sequence (restriction sites underlined) WTa

 INTb
 Usec

 Target Ref 
MFS4   –   PBANKA_060240   –   PF3D7_1203400   –   transporter, putative 

5'MFS4-F-SacII TTTCCGCGGACCATGCTGGTTTTTAATAAATTTGG 0.5 
 TV 5'PbMFS4  

5'MFS4-R-HpaI TTTGTTAACTGTATATGATTCCTCGTATGTATGC  TV 5'PbMFS4  
3'MFS4-F-AvrII AATCCTAGGGTATATACAAATATAGCATCGATCCC 0.5 

 TV 3'PbMFS4  
3'MFS4-R-KpnI ATAGGTACCTAGAATTTTTCAATAATTAAATTGTATTTGC  TV 3'PbMFS4  
5'MFS4-F ACTCTTAAAATAACCTATACATATACGC 0.7 0.7 GT 5'PbMFS4  
5'MFS4-R GGATATACACACACAATGTTTATGTACC  GT 5'PbMFS4  
3'MFS4-F AAATACGTTGTTTGGGCTTTATGC 1.3 

 GT 3'PbMFS4  
3'MFS4-R CAGAATTTTTAGATCAGCTTCAGG 1.3 GT 3'PbMFS4  

MFS5   –   PBANKA_101640   –   PF3D7_1428200   –   metabolite/drug transporter, putative 
5'MFS5-F-SacII TTTCCGCGGGTCGTATTTTTAATGTTTTTCACAAATG 0.4 

 TV 5'PbMFS5  
5'MFS5-R-HpaI TTTGTTAACTTTTCAATCCTGTATACATATTCTTCG  TV 5'PbMFS5  
3'MFS5-F-AvrII AATCCTAGGCTGTATTTTAGCATATATTATTTTGTCG 0.5 

 TV 3'PbMFS5  
3'MFS5-R-KpnI ATAGGTACCATCTTTAATTGGTATACCCGAAGC  TV 3'PbMFS5  
5'MFS5-F ATAGTATATGTGCAATGATGAATTGG 0.7 0.8 GT 5'PbMFS5  
5'MFS5-R TATCAATGTATAAAATATTGTACTATCCCC  GT 5'PbMFS5  
3'MFS5-F GGAATGTTAAATGGAATACCAAAGC 1.4 

 GT 3'PbMFS5  
3'MFS5-R ATTAAAAACCAATTTAGGACGATCG 1.3 GT 3'PbMFS5  

MFS6   –   PBANKA_130470   –   PF3D7_1440800   –   major facilitator superfamily, putative 
5'MFS6-F-SacII TTTCCGCGGAATTAACATGCCATAAAAATGTTCTC 0.6 

 TV 5'PbMFS6  
5'MFS6-R-HpaI TTTGTTAACCTTTTATTAAGAATGACTCTCCACC  TV 5'PbMFS6  
3'MFS6-F-AvrII AATCCTAGGCATTCATCGTGCTATTTTCTTCC 0.5 

 TV 3'PbMFS6  
3'MFS6-R-KpnI ATAGGTACCACATATTTACGCCTTTTTAGAAGC  TV 3'PbMFS6  
5'MFS6-F CTTATTGCATATATAACTAAGAATGTGG 0.9 0.8 GT 5'PbMFS6  
5'MFS6-R GCTGTAAAAAGGACTCAAACAACG  GT 5'PbMFS6  
3'MFS6-F CAAATACAAATTAGCCTTTTTGTTTCC 1.5 

 GT 3'PbMFS6  
3'MFS6-R GTAATATTTTTGATGCTGATTATAATACCC 1.3 GT 3'PbMFS6  

PAT   –   PBANKA_030390   –   PF3D7_0206200   –   metabolite/drug transporter, putative 
5'PAT-F-SacII TTTCCGCGGCCTTTTCCCCGTTTTATGTAGC 0.4 

 TV 5'PbPAT  
5'PAT-R-HpaI TTTGTTAACGAAATGAACACTTAGGGGTAATGG  TV 5'PbPAT  
3'PAT-F-AvrII AATCCTAGGGGACAATAATGGATACTTTTAGATTCG 0.6 

 TV 3'PbPAT  
3'PAT-R-KpnI ATAGGTACCTGGGCATAGATTCTTTGTTTAGC  TV 3'PbPAT  
5'PAT-F GATTTATTTACAAGTATACTTTACATTACACC 0.6 0.6 GT 5'PbPAT  
5'PAT-R ATTTTCTCCTCAATACATGGGACC  GT 5'PbPAT  
3'PAT-F GGATTTACTGGTACAATTCCATGG 1.4 

 GT 3'PbPAT  
3'PAT-R TTAACCTGCGAAAAGAAACTCG 1.4 GT 3'PbPAT  

MFR1   –   PBANKA_011250   –   PF3D7_0614300   –   organic anion transporter 
5'MFR1-F-SacII TTTCCGCGGTTCTATTTTAAAACAATTGAAGGGATGAC 0.6 

 TV 5'PbMFR1  
5'MFR1-R-HpaI TTTGTTAACTTAATTAATAAATAAGTATATATTTATATGTTATATTTGCTTGC  TV 5'PbMFR1  
3'MFR1-F-AvrII AATCCTAGGGCACATATTCTAGTATTTCATTATACGC 0.5 

 TV 3'PbMFR1  
3'MFR1-R-KpnI ATAGGTACCGGCCCATTTTCATTCTGTTATTTCC  TV 3'PbMFR1  
5'MFR1-F AAATACTAGGTTAATGAATTGTATATACCC 1.3 0.9 GT 5'PbMFR1  
5'MFR1-R AAAGGGATCATTTTTATATGCTAAGG  GT 5'PbMFR1  
3'MFR1-F TTTTTGGGATATACTGCTTTATTCG 1.7 

 GT 3'PbMFR1  
3'MFR1-R CTTAAAATAGTTGAAACATTAATGTGGG 1.5 GT 3'PbMFR1  

MFR2   –   PBANKA_020840   –   PF3D7_0104700   –   transporter, putative 
5'NPT1-F-SacII TTTCCGCGGCGTGCGTATGCATTCTTTATAC 0.5 

 TV 5'PbNPT1  
5'NPT1-R-HpaI TTTGTTAACAAAAATAATTTTCGTTGTAATTGTATGC  TV 5'PbNPT1  
3'NPT1-F-AvrII AATCCTAGGGCAAATGCTGCATGTTATTTATAG 0.5 

 TV 3'PbNPT1  
3'NPT1-R-KpnI ATAGGTACCAATATTTTTGTCCCCTGTTCATATC  TV 3'PbNPT1  
5'NPT1-F TATATATGCATACTAATAGCTTTCG 1.0 1.1 GT 5'PbNPT1  
5'NPT1-R TTTATTTCTTCTTTTGCATATTTCTCC  GT 5'PbNPT1  
3'NPT1-F GGAAAAATCAGGAGAGGATTACG 1.3 

 GT 3'PbNPT1  
3'NPT1-R CGAAAAATATTGTATACTACCAGAACC 1.7 GT 3'PbNPT1  

MFR3   –   PBANKA_041050   –   PF3D7_0312500   –   transporter, putative 
5'MFR3-F-SacII TTTCCGCGGCAATAAAATAGCAAATGGAAAAGAGG 0.5 

 TV 5'PbMFR3  
5'MFR3-R-HpaI TTTGTTAACTCCTCCTATAATTCCCTTATAGCC  TV 5'PbMFR3  
3'MFR3-F-AvrII AATCCTAGGGTATTTAAAACAGTTCAGAAACATTCCC 0.5 

 TV 3'PbMFR3  
3'MFR3-R-KpnI ATAGGTACCTTATGTTTCTAAACAGAATTGAGCC  TV 3'PbMFR3  
5'MFR3-F ATAATTTGTTAATATTGTAACTACAAAAAAGG 0.7 0.9 GT 5'PbMFR3  
5'MFR3-R TTGCACATTTTCGTATAAATTCCG  GT 5'PbMFR3  
3'MFR3-F AGAATTCTTTATTTTAACATTTAGTAATTGC 1.2 

 GT 3'PbMFR3  
3'MFR3-R TTTTTCACTTTCTAAACTTACATATACG 1.3 GT 3'PbMFR3  
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Supplementary Table 3 | Primer sequences and PCR product sizes (continued…) 
Primer Name Primer Sequence (restriction sites underlined) WTa

 INTb
 Usec

 Target Ref 
MFR4   –   PBANKA_081570   –   PF3D7_0914700   –   transporter, putative 

5'MFR4-F-SacII TTTCCGCGGGATAAAGTTTATTTAAAACATCATTGTGC 0.6 
 TV 5'PbMFR4  

5'MFR4-R-HpaI TTTGTTAACTTAATTAATGAAATTAAAATATTTGGCTACTTTTGG  TV 5'PbMFR4  
3'MFR4-F-AvrII AATCCTAGGGTAACTACGAATTATATGCACATCC 0.5 

 TV 3'PbMFR4  
3'MFR4-R-KpnI ATAGGTACCAATTCTGAACATGTCATAAAAATAAAGG  TV 3'PbMFR4  
5'MFR4-F GTATTTGTTGTATAATTGGGACATGC 1.3 1.1 GT 5'PbMFR4  
5'MFR4-R AACTCGAAATGATTCTATTACATCG  GT 5'PbMFR4  
3'MFR4-F ATAGGAAGTGAAATTGCTACTGG 1.7 

 GT 3'PbMFR4  
3'MFR4-R TGTGTTTATGAAGATACACCTTGC 1.5 GT 3'PbMFR4  

MFR5   –   PBANKA_091830   –   PF3D7_1129900   –   transporter, putative 
5'MFR5-F-SacII TTTCCGCGGTGCAACAAAAAGTATAACAACATCG 0.6 

 TV 5'PbMFR5  
5'MFR5-R-HpaI TTTGTTAACTTAATTAAGCTTAATATTCGATATTATTATTATATATGGTATTG  TV 5'PbMFR5  
3'MFR5-F-AvrII AATCCTAGGTATGCCGTGATTTTGATTTATATGC 0.5 

 TV 3'PbMFR5  
3'MFR5-R-KpnI ATAGGTACCCTCATTTCCTTATCATTTTTCAACTCC  TV 3'PbMFR5  
5'MFR5-F TTAAAATAGGGCGAGATAATAAAGG 1.5 1.3 GT 5'PbMFR5  
5'MFR5-R TGACCCAAATATAAAAATTGTTTGAACC  GT 5'PbMFR5  
3'MFR5-F TTTCCCCAGATCTAGATATTATAGG 1.6 

 GT 3'PbMFR5  
3'MFR5-R AATTCTTGATAACGTTCGAAAAGC 1.4 GT 3'PbMFR5  

NPT1  –   PBANKA_020830–   PF3D7_0104800   –   novel putative transporter 1 (NPT1) 
5'MFR2-F-SacII TTTCCGCGGAATGAATATGTTTTGCCACTTATTATATGC 0.5 

 TV 5'PbMFR2  
5'MFR2-R-HpaI TTTGTTAACTTAATTAAATATTGCGAAAACCTTGGTATGG  TV 5'PbMFR2  
3'MFR2-F-AvrII AATCCTAGGTGTAGTTCCAGATTATTTCAAATTGC 0.5 

 TV 3'PbMFR2  
3'MFR2-R-KpnI ATAGGTACCCTATTCATAGGATCCTCCTTTTGG  TV 3'PbMFR2  
5'MFR2-F CACAAAGTTTTAAGGAATATGAATGC 0.6 0.7 GT 5'PbMFR2  
5'MFR2-R TGTACAATTTGATTCATTCATTTCG  GT 5'PbMFR2  
3'MFR2-F AAATTCAAGTGGAAATAAAAATGATCC/ AGAGATGCAACCATCTTTAATCC 1.4 

 GT 3'PbMFR2  
3'MFR2-R CATTTCTTCTGTCAGGAAAGTCC 1.3 GT 3'PbMFR2  

CDF   –   PBANKA_142220   –   PF3D7_0715900   –   zinc transporter, putative 
5'CDF-F-SacII TTTCCGCGGATTTTACATAGGAATATAACAAAAACAAGC 0.6 

 TV 5'PbCDF  
5'CDF-R-HpaI TTTGTTAACTTAATTAATCTTATTTTTTAATACTTTTTCTAGTACCG  TV 5'PbCDF  
3'CDF-F-AvrII AATCCTAGGTTGCCAAAAAGTTAGCTAACGC 0.5 

 TV 3'PbCDF  
3'CDF-R-KpnI ATAGGTACCCAAATGGTAGAGTGCGAAAATCG  TV 3'PbCDF  
5'CDF-F GCTGCCTATTCAAACTATACTACC 1.1 0.9 GT 5'PbCDF  
5'CDF-R AAACAAAGCTCCTATAATTTCTGC  GT 5'PbCDF  
3'CDF-F TCCACCTAATGATTTTAAAGTAGGC 1.6 

 GT 3'PbCDF  
3'CDF-R TATCAGCTTCAAACAATAATTTATTGG 1.4 GT 3'PbCDF  

ZIP1   –   PBANKA_010770   –   PF3D7_0609100   –   Zn2+ or Fe2+ permease 
5'ZIP1-F-SacII TTTCCGCGGATAGATTTTTGAAAGGGAACAATATTAGCC 0.6 

 TV 5'PbZIP1  
5'ZIP1-R-HpaI TTTGTTAACTTAATTAAAAAGAAATACTTAGGCCCCTATATTGC  TV 5'PbZIP1  
3'ZIP1-F-AvrII AATCCTAGGGGCCATAATATATAAGCAAAGAACG 0.5 

 TV 3'PbZIP1  
3'ZIP1-R-KpnI ATAGGTACCCAATAATTTTAGAAACCTTGTGGATTATGG  TV 3'PbZIP1  
5'ZIP1-F GGTTTTGTTTAGAAATGAATAACATCG 1.1 1.1 GT 5'PbZIP1  
5'ZIP1-R TCTTTCCAAATAATCCCAAAATATAAGG  GT 5'PbZIP1  
3'ZIP1-F GGGATTGAAGGTAGATAAATAAAAGG 1.7 

 GT 3'PbZIP1  
3'ZIP1-R TGAAAAAAATTGCAAATACCTATTTGG 1.4 GT 3'PbZIP1  

DMT1   –   PBANKA_142210   –   PF3D7_0715800   –   drug/metabolite exporter, drug/metabolite transporter 
5'DMT1-F-SacII TTTCCGCGGTGTGTTCCTTGGTTTCATAACG 0.5 

 TV 5'PbDMT1  
5'DMT1-R-HpaI TTTGTTAACTTAATTAAATTATGGGAAAGCAAAATAACTATACC  TV 5'PbDMT1  
3'DMT1-F-AvrII AATCCTAGGCGGTTGAATGTATCTATTTGAGC 0.5 

 TV 3'PbDMT1  
3'DMT1-R-KpnI ATAGGTACCGCTTAAAGAAAGAGCATGATGG  TV 3'PbDMT1  
5'DMT1-F TCACTTGCTTGTTTTTGTTATATTCC 1.0 0.7 GT 5'PbDMT1  
5'DMT1-R ATACAAAAGCATAGAAAACAAAAGC  GT 5'PbDMT1  
3'DMT1-F TTTTTAGCTATATTGTTATCCTTTATTGG 1.3 

 GT 3'PbDMT1  
3'DMT1-R GGAATTTTTATCAAATAATTAACATTTCCG 1.4 GT 3'PbDMT1  
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Supplementary Table 3 | Primer sequences and PCR product sizes (continued…) 
Primer Name Primer Sequence (restriction sites underlined) WTa

 INTb
 Usec

 Target Ref 
DMT2   –   PBANKA_061460   –   PF3D7_0716900   –   drug metabolite transporter, putative 

5'DMT2-F-SacII TTTCCGCGGCGTAAATAATATGTTTCACATTTCTACC 0.6 
 TV 5'PbDMT2  

5'DMT2-R-HpaI TTTGTTAACTTAATTAACTAAATATATTGAAATGTTATGCTGTTTTTC  TV 5'PbDMT2  
CT-DMT2-F-SacII AATCCGCGGGAAAAATATATGCATAAAATGGATGGAC 0.5 

 TV CT-PbDMT2  
CT-DMT2-R-HpaI AAAGTTAACTACCTTTGGCTTAATTAAGATATCTG  TV CT-PbDMT2  
3'DMT2-F-AvrII AATCCTAGGCAGATCACCAGTTTAAACCAATTAAG 0.5 

 TV 3'PbDMT2  
3'DMT2-R-KpnI ATAGGTACCACATACATAATGTCAAGCAAAACATAG  TV 3'PbDMT2  
5'DMT2-F TACAACAATGTGGTATTATATATTCATCC 0.8 0.9 GT 5'PbDMT2  
5'DMT2-R AACAACAATAATGTTGCTTCCACC  GT 5'PbDMT2  
CT-DMT2-F as 3’DMT2-F 1.4 0.7 GT CT-PbDMT2  
3'DMT2-F CAAATACTTTAAAAGTCGAAATACATGG 1.4 

 GT 3'PbDMT2  
3'DMT2-R GTATACTGAATATACATTTAAAACATCACC 1.4 GT 3'PbDMT2  

GAP40   –   PBANKA_111530   –   PF3D7_0515700   –   glideosome-associated protein 40, putative (GAP40) 
5'GAP40-F-SacII TTTCCGCGGGTGCAATATTTATTAACAATTAATATTATTAGC 0.5 

 TV 5'PbGAP40  
5'GAP40-R-HpaI TTTGTTAACTTTTATTACTAAATTAAATAAATCTGTCTATGC  TV 5'PbGAP40  
3'GAP40-F-AvrII AATCCTAGGGTGTATGTGTGCCTATCATTGC 0.5 

 TV 3'PbGAP40  
3'GAP40-R-KpnI ATAGGTACCCGCAAACAGAATATCTATAAGTCC  TV 3'PbGAP40  
5'GAP40-F CAATCTCAAAGTTACACACAATTCC 0.7 0.8 GT 5'PbGAP40  
5'GAP40-R ACTCTGGCAAAATTGACTTTTCC  GT 5'PbGAP40  
3'GAP40-F TTTATGATTGGTTTAGGATATAATAGACC 1.3 

 GT 3'PbGAP40  
3'GAP40-R TTATGGGAATTCTTTTTCCTAATGC 1.4 GT 3'PbGAP40  

TPT3   –   PBANKA_143400   –   PF3D7_1218400   –   triose or hexose phosphate/phosphate translocator, putative 
5'TPT3-F-SacII TTTCCGCGGGATTTGTTCATTTATATTTCTTATCTTTTTAACC 0.6 

 TV 5'PbTPT3  
5'TPT3-R-HpaI TTTGTTAACTTAATTAAATGTGTAGTCAAAAAAAATTAACAGATTGTC  TV 5'PbTPT3  
3'TPT3-F-AvrII AATCCTAGGGTGTATATGTATGCCTTTTCATTTTCC 0.5 

 TV 3'PbTPT3  
3'TPT3-R-KpnI ATAGGTACCGTCCCTCACGTGTATATGTGC  TV 3'PbTPT3  
5'TPT3-F AAAGGAAGAACAAGTAGCAAATGG 0.8 1.0 GT 5'PbTPT3  
5'TPT3-R TTGTTTGATCATCTTCATTTGTTATTTCATTTTGG  GT 5'PbTPT3  
3'TPT3-F GATTTCCATTATTGTGGCTATATGC 1.3 

 GT 3'PbTPT3  
3'TPT3-R TGGATCAAATACCTTACTGAATCG 1.8 GT 3'PbTPT3  

NT2   –   PBANKA_070620   –   PF3D7_0824400   –   nucleoside transporter 2 (NT2) 
5'NT2-F-SacII TTTCCGCGGAGCATGTATGTATAGTTATTTAAGCAG 0.5 

 TV 5'PbNT2  
5'NT2-R-HpaI TTTGTTAACTTAATTAAACGAAAAAAAAATATATATATTATAAAAGGCTT  TV 5'PbNT2  
3'NT2-F-AvrII AATCCTAGGATACATTTTTAATGCCTAAATTGAACG 0.4 

 TV 3'PbNT2  
3'NT2-R-KpnI ATAGGTACCGCATGTGTGGTAATAAAATTATGATAGG  TV 3'PbNT2  
5'NT2-F TTATTTTATTGGGAATAAGAGAATCTCC 0.7 0.8 GT 5'PbNT2  
5'NT2-R CATTTGGAAATATGCTCGTGC  GT 5'PbNT2  
3'NT2-F ATAAGTGGAAACTCAACTTCAGC 1.6 

 GT 3'PbNT2  
3'NT2-R TTTGGAAAATTGTAAGAAATTGTTTATCC 1.6 GT 3'PbNT2  

NT4   –   PBANKA_020990   –   PF3D7_0103200   –   nucleoside transporter 4 (NT4) 
5'NT4-F-SacII TTTCCGCGGAAATTATTATTGATCCATCATGTTGTGG 0.5 

 TV 5'PbNT4  
5'NT4-R-HpaI TTTGTTAACTTAATTAATCTGGGTATGTATATATTTTCCTTAGC  TV 5'PbNT4  
3'NT4-F-AvrII AATCCTAGGTGTGGTCCAATTGTTTTATCTTTTCC 0.5 

 TV 3'PbNT4  
3'NT4-R-KpnI ATAGGTACCTTTTTAACACTTATCATCGCTTGG  TV 3'PbNT4  
5'NT4-F GATATCGCAATCTTTTGATTTATATGG 1.4 1.1 GT 5'PbNT4  
5'NT4-R CAAATAATGCGCTAAAACTAATTCC  GT 5'PbNT4  
3'NT4-F GTAAACCACTAAATGATGTAGAAAAGG 1.6 

 GT 3'PbNT4  
3'NT4-R TTTCTTAAAAGGTAAACAAAATTACGC 1.5 GT 3'PbNT4  

MATE   –   PBANKA_030970   –   PF3D7_0212800   –   multidrug efflux pump, putative 
5'MATE-F-SacII TTTCCGCGGAAAAAATCCAAATTATATCATAAAAAGAAAGC 0.5  TV 5'PbMATE  
5'MATE-R-HpaI TTTGTTAACTTAATTAATCATACTGGTATTTCTTCCAAGATTTC  TV 5'PbMATE  
3'MATE-F-AvrII AATCCTAGGGACTCAAATTTCCCACTTTTTTATACG 0.5 

 TV 3'PbMATE  
3'MATE-R-KpnI ATAGGTACCATTTACTAAATATATTATTATACTTTCATGGGG  TV 3'PbMATE  
5'MATE-F GAACCTAAACCTAAGCAAATAGC 1.5 1.2 GT 5'PbMATE  
5'MATE-R CCCTCAACTACAGAATTTAATAGC  GT 5'PbMATE  
3'MATE-F AATTTAACATCTGTTGCAGTATTTATCC 1.7 

 GT 3'PbMATE  
3'MATE-R GAACTTTTTGTTTACTAGCAACTGG 1.8 GT 3'PbMATE  
 
a Sizes of the PCR products of forward and reverse primers on WT gDNA; carboxy-terminal mtp::tag integration-specific primers combined with 
their respective reverse 3’ gene-specific primers. 
b Sizes of the respective integration-specific PCR products; forward 5’ and carboxy-terminal gene-specific primers combined with 5’HSP70rev 
(mtp– lines) or mCherryRev (mtp::tag lines) and reverse 3’ gene-specific primers combined with 5’DHFRrev. 
c TV, primers used for construction of Transfection Vectors; GT, primers used for GenoTyping; SQ, primers used for sequencing the targeting 
sequences. 
d For WT-specific diagnostic PCR the 5’CTR2-F and 3’CTR2-R were combined to amplify the complete locus.  
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